Abstract This study reports the first death caused
Introduction
An emerging infectious disease that presents with acute high fever, cough, and pink frothy sputum with leukocytopenia was identified in China, from Shanghai, Beijing, Jiangsu, Zhejiang, and Anhui since February 2013 [1, 2] . Some of the cases developed severe pneumonia and acute respiratory distress syndrome (ARDS) [3] , subsequently requiring intensive care and mechanical ventilation. About 24.43% (32/131) of the patients died of respiratory failure and multiple organ failure (MOF). In March 2013, epidemiologic, clinical, and pathologic investigations were performed that subsequently identified the etiology as a novel re-assortment avian influenza A (H7N9) virus distinct from the previous circulating human influenza A viruses [2, 4] . It was the first reported case of a human infected with a low-pathogenicity H7N9 virus that had a fatal outcome.
As of May 16, 2013 , 131 laboratory-confirmed cases, including 32 deaths, have been reported in China since the first patient was identified on March 25, 2013 [5] . Zhejiang Province is one of the areas involved, and it is adjacent to Shanghai, Jiangsu, and Anhui. By May 16, 2013, 46 confirmed cases were reported, including 10 deaths, after the first H7N9 case was diagnosed on April 1, 2013 [5] . Sporadic cases were found daily in more areas because of the expanding and enhanced surveillance of influenza/avian influenza, pneumonia, and severe acute respiratory infection since the first H7N9 case was confirmed.
In the current paper, we describe the discovery and epidemiological, clinical, and virologic characterization of the first fatal case of infection by the novel H7N9 virus in Zhejiang Province. This report is important for assessing and controlling similar cases, and would provide meaningful insights into the early and rapid diagnosis, treatment, prevention, and control of human influenza A (H7N9) viral infections.
Materials and methods
The case and contact definitions were set based on the diagnosis and treatment guidelines (second edition) established by the Chinese Ministry of Health. A confirmed H7N9 case was defined as a suspected case with respiratory specimens positive for H7N9 virus based on isolation of the H7N9 virus or on positive real-time reverse transcription polymerase chain reaction (rRT-PCR) assays for the H7N9 virus. Patients with pneumonia-complicated respiratory failure or other organ failure was defined as severe cases [6] .
Contacts were defined as (1) medical staff or relatives of the patient who did not take protective measures upon the diagnosis and treatment of suspected or confirmed cases, or those who took care of the patient; (2) persons who lived with or were in close contact with the suspected or confirmed cases for at least 1 week; (3) the investigators who were also considered close contacts [7] .
Study design
We conducted a retrospective descriptive study of the clinical, laboratory, and radiographic characteristics of a confirmed case of avian influenza A (H7N9) viral infection during the study period (April 5, 2013 to April 10, 2013). All available medical records were reviewed by 10 clinicians, using a standardized data collection tool. Epidemiologists and local public health doctors interviewed family members and medical staff using a standard questionnaire. Pharyngeal swabs from the patient and from 46 of the 125 contacts were submitted to Zhejiang CDC and China CDC for testing for H7N9 viral RNA via rRT-PCR assays.
Rapid viral RNA extraction and detection via rRT-PCR
Avian influenza A (H7N9) virus RNA extraction was performed following the instructions of the kit (Qiagen Company), and 200 μl of template was dissolved in doubledistilled water, aliquoted into four samples (50 μl each), and stored at -80°C. rRT-PCR was used to detect the HA, NA, and M genes of seasonal influenza viruses (H1, H3, and B), H5N1, H7N9, severe acute respiratory syndrome coronavirus (SARS-CoV), and novel coronavirus. Their specific primer and probe sets were provided by the China CDC.
Viral culture and isolation
A pharyngeal swab specimen positive for H7N9 viral RNA was further cultured in MDCK cells maintained in Hank's balanced solution at 37°C for 7 days. The cell cultures were observed for 2 weeks. The subtypes were identified using H7N9 HA and NA type-specific primers when the cells exhibited the characteristic cytopathic effect (CPE). The subtypes were determined via a hemagglutination inhibition test (HAI) assays using type-specific reference antibodies.
Sequence analysis
The nucleotide sequences of the amplified products were directly determined via dideoxy sequencing using an ABI Prism BigDye Terminator cycle sequencing kit. The HA, M, and NA segments were analyzed and compared using Mega 5.05 and DNASTAR. Phylogenetic trees were constructed via the neighbor-joining method to estimate the viral gene relationships with selected influenza A virus strains obtained from the GISAID database (http://platform.gisaid.org/epi3/ frontend#575253) and GenBank (http://www.ncbi.nlm.nih. gov/nuccore/?term = H7N9) [2] .
Results

Epidemiologic features
On In early March 2013, he worked as a cook in Suzhou, Jiangsu Province and bought meat and poultry every morning from the local live poultry market 2 miles away, and then prepared lunch and dinner for about 30 company staff. The patient had no travel history before onset on March 7. According to the epidemiologic investigation, the patient had 125 close contacts, including 13 relatives, 45 colleagues, 57 doctors and nurses, and 10 patients exposed within the same ward. Among these contacts, one doctor and one nurse developed cough one day after the patient was diagnosed and treated. Both of the symptomatic contacts were negative for H7N9 avian influenza RNA under rRT-PCR assay. The symptoms resolved spontaneously within 2 days. A total of 98 serum and 46 throat swabs samples from close contacts were tested using rRT-PCR on April 2, and none tested positive for H7N9.
The demographic and epidemiologic characteristics of the patient are summarized in Table 1 . 
Clinical diagnosis and treatment
The initial symptoms reported on March 7 and March 14 were diarrhea and cough respectively, which worsened, and was accompanied by fever (39.5°C) and hemoptysis on March 17. Then patient developed shortness of breath, weakness, poor appetite, cyanosis, coma, and anuria because of progression to severe pneumonia with pleural effusion, and MOF. He had died of ARDS and MOF.
Blood cell account
The laboratory tests show that the patient's white blood cell count decreased to 1.6 Â 10 9 /L during the early stages, which slowly increased to normal levels after treatment, and reached abnormally increased levels in the later stages. The neutrophil count exhibited a similar trend as the white cell count. The lymphocyte and mononuclear cell counts were consistently lower than normal, but the red cell count remained stable at normal levels. See Fig. 1 .
Coagulation index
D-dimer remained abnormally high and the platelet counts remain low. Activated partial thromboplastin time (APTT), prothrombin time, and thrombin time were initially normal levels, but became prolonged in the later stage. See Fig. 2 . Fig. 3 .
Clinical biomarkers
Liver and heart function were damaged, as indicated by the increased levels of lactate dehydrogenase (LDH), creatine kinase (CK), creatine kinase MB (CK-MB), alanine aminotransferase (ALT), aspartate aminotransferase (AST), direct bilirubin (DB), and total bilirubin (TB). However, kidney function was unchanged, as indicated by normal blood urea nitrogen (BUN) and Cr (creatinine). Blood electrolytes such as Na + and K + were normal. CRP was persistently increased. These clinical findings are summarized in Table 2 . 
Pleural ultrasonographic examination
Right pleural effusion with a 2.0 cm fluid sonolucent area was observed on March 23, 2013. The pleural effusion increased to 4.8 cm by March 25, 2013, with the addition of left pleural effusion with a 3.6 cm fluid sonolucent area.
Treatments
The patient (temperature, SaO 2 ) continued to deteriorate and eventually died on March 27, 2013 despite the administration of broad-spectrum antibiotics such as piperacillin sodium and tazobactam sodium, imipenem and cilastatin sodium, moxifloxacin hydrochloride and methylprednisolone sodium succinate (ranging from 40 mg to 240 mg) with intubation and continuous ventilation. See Fig. 5 .
Virology
The virus was confirmed using fluorescence quantitative PCR for detecting nucleic acids. (N30D and T215A) . The M2 protein was found to exit S31N substitution, indicating resistance to adamantanes (amantadine and rimantadine). See Table 3 .
The patient swab was inoculated into MDCK cell cultures. The typical CPEs of H7N9 were observed under an inverted microscope: infected cells began to swell, became rounded, and developed larger intercellular spaces. The cells ruptured within 24 h after infection (Fig. 9) . The ICID50 of the isolated virus was between 10 -4 and 10 -5 . The presence and subtype was further confirmed as H7N9 via an HAI test and the specific primers used to amplify the H7N9 RNA.
Discussion
Influenza A (H7) virus outbreaks have occurred among avian populations in most European countries. The predominant subtypes circulating in poultry population were H7N1, H7N3, H7N4, H7N7, H7N8, and H7N9 [8] . Human infections with H7 influenza viruses (H7N2, H7N3, and H7N7) were reported in the Netherlands, Italy, Canada, and so on [9] [10] [11] . Most of these infections occurred in association with poultry outbreaks. The infections mainly resulted in conjunctivitis, mild upper respiratory symptoms, and moderate illness resulting in hospitalization (lower respiratory tract disease), except for one death [12] [13] [14] . Only 100 H7 cases have been confirmed worldwide from 1996 to 2012. The 2013 H7N9 virus reported in China is an avian influenza virus that is the first bird flu subtype (H7N9) found in humans. The novel virus is very different from other H7N9 viruses previously found in birds [1, 2] .
According to the updated data from 131 cases and 32 deaths, the novel influenza A (H7N9) virus circulating in the urban and rural areas of Beijing and Shanghai, as well as Anhui, Jiangsu, Zhejiang, etc., differs from the avian H5N1 reported in rural areas [15] . The main high-risk population is similar to that of H5N1, which consists of individuals with frequent contact with poultry, those with suppressed immune function, and the elderly with underlying diseases. The initial epidemiology suggests that the confirmed H7N9 cases were isolated, without sustained transmission among people, although two family clusters have been reported, which differs from the limited person-to-person transmission in H5N1 [16] . The source of infection and the mode of transmission are currently unknown. Although some of the confirmed cases were exposed to birds and animals or to outdoor environments, the cases are not associated with disease outbreaks among animals or with direct exposure to animals. About 65% of the confirmed cases had histories of avian exposure, which indicates that contact with live poultry and excreta is a high-risk factor, similar to the H5N1 virus infection in China [17, 18] . The confirmed H7N9 cases developed critical and fatal illness, which indicates that the H7N9 virus is more virulent in humans than other H7 viruses and the 2009 H1N1 virus [19] . The current H7N9 case fatality rate is similar to that for reported H5N1 viral infections [20] .
The first death was reported in Zhejiang Province, caused by a highly homologous avian H7N9 virus circulating in other areas of China. Phylogenetic analysis showed that this novel virus originated from avian populations. The HA gene sequence from the patient indicated that the virus may be better adapted to infecting mammals than other avian influenza viruses because of the presence of Q226I in the Zhejiang strain and Q226L in the Shanghai 01 strain; the HA protein potentially enhanced the ability to bind to mammalian-like receptors with sialic acid moieties linked to galactose via α-2,6 linkages [21, 22] . Cleavage site had only one R, which indicates its low pathogenicity, similar to other Chinese strains. The NA sequence data indicate antiviral resistance to adamantanes and susceptibility to neuraminidase inhibitors. No differences in active sites of MP gene, glycosylation sites, and NA stalk deletion were observed between the Zhejiang strain and other Chinese strains. Additional analyses are needed to understand its significance and the effect of single mutations.
No outbreaks were identified in Zhejiang avian population before the onset of the illness. The source of infection was thought to be exposure to poultry. The virus needs to be tested further to support the exposure in the live poultry market. Although the source of infection and the mode of transmission have not yet been determined, control measures such as closing live poultry markets should be implemented. Although secondary cases developed (the nurse and doctor) during diagnosis and treatment, the attack rate was only 1.6% (2/125) and no close contacts tested positive for H7N9, exclusion of possible person-to-person transmission cannot be considered [13] .
The main clinical features of the first patient in Zhejiang Province were similar to those reported in other areas of China. They share features such as acute onset and rapid development to severe and sustained hypoxia accompanied by respiratory failure, ARDS, pleural effusion, and MOF. Despite the administration broad-spectrum antibacterial agents, cortisone, and mechanical ventilation, his condition : An isolate from the first confirmed H7N9 case in Zhejiang;
: isolates from the confirmed H7N9 patients from Anhui and Shanghai in China; : isolates from human H7 cases;
: influenza vaccine strains in 2012.
deteriorated, resulting in death. Considering the patient had chronic hepatitis B, the case significantly differs from other cases in China. The patient presented with hemoptysis, sustained severe liver function, serious coagulation dysfunction, and DIC. Considering the diagnosis was confirmed 5 days after the patient died, he did not receive oral oseltamivir, which contributed greatly to the fatal outcome. In summary, we report the first human death caused by human avian influenza (H7N9) virus in Zhejiang Province. The patient was exposed to poultry before he initially : An isolate from the first confirmed H7N9 case in Zhejiang;
: isolates from the confirmed H7N9 patients from Anhui and Shanghai in China; : isolates from human cases . : An isolate from the first confirmed H7N9 case in Zhejiang;
: isolates from the confirmed H7N9 patients in Anhui and Shanghai, China. The main laboratory findings were increasing AST, ALT, LDH, PT, APTT, CPK, and CRP, but decreasing SaO 2 % with disease progression. The major complications were ARDS, MOF, and DIC. The patient did not receive any antiviral treatment, although he received antibiotics, glucocorticoid hormone therapy, and invasive mechanical ventilation. The advanced infection control was achieved by testing all contacts, identifying the source of the virus and suspected cases, surveillance in Zhejiang Province, and sterilization. Considering H7N9 viral infections have not occurred in humans before, persons of all ages might be susceptible. We are uncertain whether the influenza A (H7N9) virus could cause a pandemic. Enhanced and expanded surveillance to ensure immediate discovery, diagnosis, and treatment of suspected cases will reduce the number of severe H7N9 cases and deaths. Information on the emergent H7N9 virus is currently limited; therefore, studies on the source of the virus, transmission models, serologic investigations, vaccines, and drug development are necessary.
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